PURPOSE: To report a large consecutive case series of patients who developed delayed-onset and acute-onset endophthalmitis after cataract surgery.
• PURPOSE: To report a large consecutive case series of patients who developed delayed-onset and acute-onset endophthalmitis after cataract surgery.
• DESIGN: Retrospective consecutive case series.
• METHODS: The current study is a retrospective consecutive case series of patients treated between January 2000 and December 2009 for culture-proven endophthalmitis after cataract surgery. The study defined 2 groups after cataract surgery: acute-onset endophthalmitis (<6 weeks after surgery) and delayed-onset endophthalmitis (>6 weeks after surgery).
• RESULTS: A total of 118 patients met study criteria; cases included 26 delayed-onset cases and 92 acute-onset cases. The following clinical features and outcomes occurred in delayed-vs acute-onset cases: 1) the presenting visual acuity was <5/200 in 31% vs 89%; 2) hypopyon was found in 46% vs 80%; 3) the most frequent isolate was Propionibacterium acnes (11/26) vs coagulase-negative Staphylococcus (57/92); and 4) patients with the most frequent isolate achieved a visual outcome of >20/100 in 91% vs 56%. In delayed-onset cases, the intraocular lens was removed or exchanged in 19 of 26 cases (73%). Of these 19 cases, 13 achieved a visual outcome of >20/100. • CONCLUSIONS: Patients with delayed-onset endophthalmitis generally presented with better initial visual acuities, had a lower frequency of hypopyon, and had better visual outcomes compared to acute-onset patients. Propionibacterium acnes and coagulase-negative Staphylococcus species were the most common organisms cultured in delayed-and acute-onset categories, respectively, and were associated with the best visual acuity outcomes in each group. (Am J Ophthalmol 2012;153:391-398. © 2012 by Elsevier Inc. All rights reserved.) E NDOPHTHALMITIS IS A SERIOUS SIGHT-THREATENing condition that can be classified into 2 broad categories: acute-onset and delayed-onset. As used in the Endophthalmitis Vitrectomy Study, acute-onset postoperative endophthalmitis was defined as infections within 6 weeks of surgery. 1 By contrast, delayed-onset postoperative endophthalmitis has been defined as greater than 6 weeks after the surgery. 1 These 2 categories may differ in their incidence, clinical features, microbiology, and visual acuity outcomes.
The reported incidence of acute-onset endophthalmitis after cataract surgery ranges from 0.03% to 0.15%. [2] [3] [4] Since the mid-1990s, cataract surgical techniques have evolved to clear corneal, sutureless techniques. In spite of this change in technique, the nature of acute-onset endophthalmitis in both settings is virtually identical. 5 Acuteonset postoperative endophthalmitis is characterized by a rapid onset of visual loss and marked intraocular inflammation and is frequently caused by coagulase-negative Staphylococcus. 1 In 1 single-center study, the reported rate of delayedonset endophthalmitis following cataract surgery was 0.017%. 6 In delayed-onset postoperative endophthalmitis, the onset is frequently insidious and the inflammation is often low grade, and is caused by less virulent bacteria and fungi. Propionibacterium acnes has been reported to be a common organism isolated in published series. 6 -8 The purpose of the current study was to compare the clinical features, causative organisms, and visual acuity outcomes associated with delayed-onset vs acute-onset endophthalmitis after cataract surgery in a contemporary series from a university referral center.
METHODS

THE CLINICAL AND MICROBIOLOGY RECORDS WERE RE-
viewed for all patients treated at Bascom Palmer Eye Institute between January 1, 2000 and December 31, 2009 for clinically diagnosed, culture-positive endophthalmitis following cataract surgery. The study included patients who were operated elsewhere and referred for care, as well as patients who underwent cataract surgery at Bascom Palmer Eye Institute. Patients were excluded from the study if the endophthalmitis was not associated with cataract surgery or if consequent to combined procedures (glaucoma and cataract surgery). Patients with preexisting macular degeneration, diabetic retinopathy, or glaucoma were not excluded from the study.
Intraocular fluid specimens were plated directly on chocolate agar, 5% sheep blood agar, CDC anaerobic blood agar, Sabouraud agar, and thioglycolate medium. Chocolate and blood agar plates and thioglycolate broth were incubated for up to 2 weeks at 35 C in 5% CO 2 . Anaerobic plates were incubated in an anaerobic jar in non-CO 2 for up to 2 weeks. Sabouraud agar was incubated at 35 C for 72 hours and then at 25 C for up to 2 weeks. To be considered a positive culture, a specimen must have demonstrated growth of the same organism on 2 or more solid culture media or growth on a single medium after identification on an initial smear.
Because the current study was a retrospective case series, there was no rigid protocol for managing these patients, although the practice algorithm is fairly consistent for all investigators. Intravitreal antibiotics were injected at the time of initial treatment in all patients. The use of vitrectomy was at the discretion of the treating physician, although the guidelines of the Endophthalmitis Vitrectomy Study (EVS) were generally followed for acute-onset cases. Recorded data included clinical features, visual acuity at diagnosis, cultured organisms, and visual acuity at follow-up.
RESULTS
BETWEEN JANUARY 1, 2000 AND DECEMBER 31, 2009, 118
patients met study criteria. Of these 118 patients, 26 (22%) had delayed-onset postoperative endophthalmitis and 92 (78%) had acute-onset postoperative endophthalmitis (Tables 1 and 2 ). In this study, 71 of the 118 cases (60%) were from male patients and 47 (40%) were from female patients. The mean age at presentation was 74 years (range 52-87, SD 9) in the delayed-onset group and 76 years (range 48 -90, SD 9) in the acute-onset group.
• DELAYED-ONSET POSTOPERATIVE ENDOPHTHALMIT-IS: The mean time between surgery and the diagnosis of endophthalmitis was 343 days (range 48 -1840, SD 379). Intraocular cultures became positive on days 2 to 7 after obtaining the specimen (mean time to culture positivity: 3.5 days). The average follow-up time after initial treatment was 804 days (range 61-3069, SD 774). A presenting visual acuity of Յ5/200 was noted in 8 of 26 patients (31%). Hypopyon was present in 12 of 26 patients (46%), and keratic precipitates were present in 19 of 26 patients (73%) ( Figure 1 ). A white plaque associated with the capsular bag was noted in 17 of 26 patients (65%) ( Figures  2 and 3 ). In the 26 delayed-onset cases, the following organisms were isolated: Propionibacterium acnes in 11 (42%), fungal species in 7 (27%), gram-negative species in 3 (12%), gram-positive species in 3 (12%), and Mycobacterium chelonae in 2 (8%). Initial treatment consisted of 3 different strategies: 1) vitreous tap and injection of intraocular antibiotics; 2) 3-port pars plana vitrectomy (PPV) with injection of intraocular antibiotics; and 3) 3-port pars plana vitrectomy with partial posterior capsulectomy and injection of intraocular antibiotics. No patients underwent initial treatment with total capsulectomy, intraocular lens (IOL) exchange, or IOL removal. However, 19 of 26 delayed-onset patients (73%) subsequently underwent combinations of these procedures because of recurrence of inflammation ( Figure 4 ).
Of these 19 patients who underwent exchange or removal of the IOL, initial treatment included injection of intraocular antibiotics in 2, PPV with intraocular antibiotics in 8, and PPV with partial capsulectomy and intraocular antibiotics in 9. Seventeen of 19 patients (89%) underwent PPV with total capsulectomy and IOL removal or exchange as a secondary procedure. Only 2 of these 17 patients (12%) developed recurrence, which was managed by PPV with IOL removal in 1 patient and penetrating keratoplasty for keratitis in the other patient. Two patients who underwent PPV as a secondary procedure developed recurrence, which was treated with PPV, total capsulectomy, and IOL removal. In patients without recurrence, removal or exchange of the IOL was often the last procedure used to eliminate the infection. Seven of 26 patients (27%) did not undergo exchange or removal of the IOL. Initial treatment in these patients included injection of intraocular antibiotics in 1, PPV with intraocular antibiotics in 2, and PPV with partial capsulectomy and intraocular antibiotics in 4. None of these patients had further recurrences or interventions after initial treatment.
Visual outcomes were Ն20/100 in 17 of 26 (65%) and Յ5/200 in 7 of 26 (27%) of delayed-onset patients. The distribution of visual outcomes according to the various isolates is displayed in Table 3 . Clinical features, presenting visual acuity, and visual outcomes of delayed-onset patients classified by those who underwent IOL exchange or removal are shown in Table 4 and Figure 4 . Table 3 .
DISCUSSION
PATIENTS WITH DELAYED-ONSET POSTOPERATIVE ENDOPHthalmitis have several distinguishing clinical features. The signs and symptoms vary according to time to presentation and causative microorganism. The inflammation is often low grade and slowly progressive for delayed-onset postoperative endophthalmitis, since it is typically caused by less virulent bacteria and fungi. P. acnes was the most common organism isolated in the current series and other delayed-onset postoperative endophthalmitis series ( Table 5 ). 6 -8 Other less virulent gram-positive organisms (coagulase-negative Staphylococcus species, Corynebacterium species), gram-negative organisms, and fungi have also been reported in delayed-onset postoperative endophthalmitis. 6,9 -12 The syndrome of delayed-onset postoperative endophthalmitis caused by P. acnes, manifesting with a white intracapsular plaque, moderate visual loss, and often granulomatous inflammation, was originally described by Meisler and associates. 13 In 2 previous published reports, a white intracapsular plaque was noted in 28.5%, 89%, and 100% of patients with P. acnes. 6 -8 Such plaques have been reported in association with other microorganisms as well. 6, 11, 12 In the present series, 65% of delayed-onset patients were noted to have this clinical sign. Intracapsular white plaques were not noted in acute-onset patients in the current study. All patients demonstrated conjunctival congestion and varied amounts of vitreous inflammation. Hypopyon as a presenting feature was noted in 46% of delayed-onset patients in the current study, compared to 80% of acute-onset patients, which is similar to previous reports in the literature. 1,6 -8 P. acnes has also been reported to present uncommonly as acute-onset postoperative endophthalmitis. 14 The spectrum of microorganisms seen in delayed-onset postoperative endophthalmitis differs from those seen in acute-onset postoperative endophthalmitis. Even though Staphylococcus species often occur in both categories, Streptococcus species and gram-negative organisms are more commonly noted in acute-onset postoperative endophthalmitis.
Anaerobic culture techniques are critical to microbiologically confirm P. acnes. In addition, it is important to monitor anaerobic cultures for a longer period of time because of the slow growth of these microorganisms; the time to culture positivity ranged from 2 to 7 days in the present case series. The findings of other aerobic bacteria and fungi underscore the importance of using both aerobic culture and Sabouraud agar in patients with delayed-onset postoperative endophthalmitis.
The ideal management of P. acnes endophthalmitis is controversial. In 1 report, resolution of inflammation in patients with P. acnes endophthalmitis occurred with systemic antibiotics alone. 15 Other cases of resolution after intraocular antibiotics injected into the capsular bag or simultaneously into the aqueous and the vitreous have also been described. 13,16 -19 Recurrence of inflammation in these patients may warrant PPV with partial capsulectomy or total capsulectomy, with or without removal or exchange of the IOL. In the current series, recurrence of disease was noted in 73% of delayed-onset patients after the initial procedure. Similar recurrences of inflammation have also been described in other published reports. 6, 7, 8, 17 Of the 19 of 26 delayed-onset patients in the current study who underwent PPV with total capsulectomy and IOL removal or exchange for recurrence of inflammation either as a secondary or a tertiary procedure, 17 (89.4%) showed resolution of inflammation. In the current series, intraocular vancomycin and ceftazidime was used for empiric coverage of gram-positive and gram-negative organisms in the primary procedure. Intraocular amikacin or amphotericin B was injected in cases of culture-proven Mycobacteria or fungal endophthalmitis, respectively. Although the study was not designed to prospectively compare the various treatment modalities in the management of de- layed-onset postoperative endophthalmitis, the study data suggests that PPV with total capsulectomy and IOL removal or exchange may be the procedure of choice in cases of recurrent infection.
A potential distinction could be argued between the terms "delayed-onset" and "chronic" endophthalmitis. The term "delayed-onset" was used in the current study based on the onset of the signs and symptoms greater than 6 weeks after surgery. It is not possible to determine if the infecting organism was present from the time of cataract surgery, which would be more in keeping with the term "chronic" endophthalmitis. The significance of this case series is the delayed worsening of signs and symptoms leading to treatment beyond 6 weeks from cataract surgery.
The current study is a large contemporary series comparing clinical features and outcomes in delayedonset and acute-onset postoperative endophthalmitis. This large series of delayed-onset patients helps to better define management options and outcomes. The study is limited by its small sample size, retrospective nature, and the variability between multiple physicians involved in the treatment of these patients. The current study from a large tertiary care center population demonstrated that patients with delayed-onset endophthalmitis generally presented with better initial acuities and visual outcomes, and with less frequent hypopyon than patients with acute-onset endophthalmitis. Recurrence of infection is more commonly observed in patients with delayed-onset postoperative endophthalmitis. Inflammation that recurs after initial IOL-sparing treatment may warrant removal of the entire capsular bag including removal or exchange of the IOL.
